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(57) Abstract: Methods for treating hair are disclosed- Formulations for use in the methods for treating hair comprising bioactive 
glass compositions and a suitable carrier are also disclosed. The methods disclosed involve application of hair treatment formulations 
to hair which formulations include bioactive glass compositions which may comprise non-interlinked pardcles of bioactive glass or 
bioactive glass extract, and a canier, and/or optional components useful in hair treatment formulations. 
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METHODS OF TREATING HAIR 
BACKGROUND OF THE INVENTION 

5 

F|?|tfpfth9 invCTtlpn 

[pool] The present Invention relates to oomposHIons and methods of use 
In the treatment of hair. 

10 Background 

CD002] Hair Is composed of a dass of natural fibrous proteins called 
kwatbi. TMs tethe same kind of protein that makes up the nalie and the 
outer layer of ddn. The softer keratins are components of the external 
iayare of ddn, wool, hafr and feathers. wMe the hanier types predonrinate In 

IS nails, claws and hoois. A cross seetkm taken fhrcnigh a terminal hair shaft 
reveala two distinct components, the cuUde and the cortex. The cutide Is 
the outermost surface of the hair shaft and is composed of a very hard 
keratinous sut>stance. white the Inner bulk of ttte hair Is composed of a more 
fibrous keratin and is known es the cortex A third element, the medulla, is 

20 composed of a softer keratin-rich material and Rs occurrence In human hair 
appeare to be varteble. and te fypbally found In large. ftSxk habs. 

10003] Chemkally, keratin teen Insoluble prol^naceous complex 
composed of high molecular wels^t polypepfide chains. These polypeptide 
25 chains are composed of a serfes of anrrino adds Jdnedheed-lo-tail by 
peptide linkages, the actual propwfles of the po^epOde being determined 
by the number, ^pe and order of amino adds tn the chdn. Typically, 
kereilns are Insdubte In organic solvente t>ut do absorb and hotel vvatsf. 
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P004] The cutide of hair generally consists of flattened platelets of 
amorphous kefatin. wrapped around the hair shafi In several layers, each 
layer overlapplne the acQacent one progressii^ firom fhe root of fhe hair to its 

5 . flp. Tlw condition of the cuHde Is responsibte forthe gutMierd appearance of 
fhe hair and dictates the attritnitss of feel and sMns. In ^in hatr, the 
cuticle plalelefs lay flat asalnst each other and are flnniy adhered to (he 
cortex, giving rise to a very smooth faaDng surCaos with a high degree of 
shbie. If the hair is subjected to envbonmentsi or physical damage, the 

10 cufide platelets can becorns chipped, raised or even detadied complettfy, 
e}(posing the cortex underneath. This gives rise to h^ In poor oondWon. 
which feels rough to the touch and Is dull In appearance. 

[pooq The most finsquent cause of hair damage Is mechanlral abrasion. 

IS Really combing or brushing, often in combination with the use of hair 
inratment products such as perming lotions, colorants or even sltampoos. 
The extent of piq^lcal damage depends, to a large extent, on the coeifldmt 
of firicflai between the comb or brush and the surface of the hair ttseff. This 
value rises dramaUcaBy if the hair Is wet with the consequence that tor mote 

20 damage Is nomiaily Inflicted to the hair if It la combed or bnished when wet, 
rather than when dry. Ute cuficfe of fhe hair is ^responsible for tl» 
water repellent properties of the hair. If the cutide Is badly damaged or 
. removed completely, water rapidly penetrates the cortex which subsequently 
swells, maidfig tfie hair more pione to ftirtoer mechanical denude. 

25 

[pooq Various compositions and methods have been used to prevent or 
treat damaged hair. U.8. Patent No. 3,864,475. for example, relates to a 
method of treating human hair to enhance softness and improve toe general 
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appearance by inlfmately contacting the hair witti an aqueous treating 
oompoeHion containb^ viafer and a catatyUcaHy efbctive amount of a 
cataiyst The catalyst may be prepared adiid)dng a water soluble alkali 
metal silicate writh an aqueous medium containing a dissolved substance 
5 which Is source of calcium ion and a dlssoh«d substance which Is a source 
of magnesium ion to preduoe e finely dhrtded or coHoldai su^iensibn of the 
reaction product The coHoidai suspension Is tt»n agitaisd suffldsntly in the 
presence of a mioeli»4omfiing surfactant to forni cafalyrt-oonlalning 
mioellees. 

10 

[0007] U.S. Patent No. 3,958,581 relates to the treatment of degraded hair 
by use of cosmetic compositions containing at isa^ one cationic polymer 
and at least one non-toxic salt of a divalent metal. 

IS pooq U.S. Patent No. 5.635.168 teaches composWons and methods for 
testing hair using an aqueous composition of sit least 1% by we^ total of 
one or more po^rvalent metal compoimds; a sulfur^ntainlng materiai that 
has an average molecular weight of 1O.€0O or less that can forni disulfide 
bonds involving the iceiafln of the hair, and whose sidflir content Is at least 

20 about 1% by wtight; and opfion^, m add. 

Vmsi There Is a continuing need in the art for a hair treatment and 
composition which builds body in hair and provides smooth, sHicy hair. The 
methods and compositions of Oie presmt invention provide such 
25 compositions and treatment. 
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BRIEF SUMMARY OF THE IMygMJIOry 

[0010] Methods for treating hair are disdosed. These methods Include 
treating hair wRh bloactive glass oomposiUons which comprises parHculafe 
bloactive glass or bloactive glass extracts. The bloactive glass oompositiohs 
5 may further comprise a canfer and/or optional components usefUl In hair 
treatment fomiulations. 

[0011] in one aspect of the Invention, the method comprises applying an 
efiiBctive hair^hancing amount of a bloactive glass composition to the hair 

10 for a sufficient amount of time such that the hair is coated wHh the bloacBve 
glass composition. The coating comprises a film comprising silicon, 
calcium, and/or phosphorus Ions which may Interact with the hair. 
Additionally, sodium or other Ions released from the bloactive glass 
composition may be present. The hair after application of the bloacth^ glass 

IS composition is smooth and silky with increased body. 

[pOiq In another aspect of the invention, the method comprises applying 
an effective hair-enhandng amount of bloaciive glass extract(8) (solutions : 
v/m ions and substantially no particles) to ttte hair for a sufficient amount of 
20 time such tiiat the hair Is coated witii a precipitated film or coating 

comprising silicon, phosphorous and caidum. Adcfltionaily. sodium or otiier 
Ions released from ttie bloactive glass extracts may be present 

[0013] in anottier aspect of the Invention, the method comprise applying 
25 a shampoo or conditioner to hair, flw shampoo or conditioner comprising an 
effective halr-enhandng amount of a bloactive glass composition which may 
comprise non-lnterilnked parfldes of bioactive glass or bloactive glass 
.extract 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[001 4] Figure 1 1s a scanning election microscopy (SEM) mfciognaph at a 
magnification of 500x showing film fbmiation on hair after treatment with the 
bioactive glass and tris bufbr fomiulation of Group #1 described In the 
5 Example. 

PKHq Figure 2 is a scanning electron mlctosoopy (SEM) microgreitfi at a 
magnification of 450(kc showing film ftonmflon on hair after treatment with 
the bloacUve glass and tris buffin- Ibnnulatlon of Group #1 described In the 
10 Example. 

[0016] Figure 3 is an Energy Dlsper^ Spectrometer (EDS) specbrum 
showing the presence of silicon, calcium and phosphonis on hair after 
treatment with the bioactive glass and trts buffsr Ibnnuiation of Group #1 
IS described In the Example. 

I0O17] Rgure 4 is a Fourier Trensibrm Infrared Spectroscopy (FTIR) 
spectnim which Uluslrates that the calcium and phosphorus in the film are in 
the form of crystalline hydroa^patHe. 

20 

ID018] Figure 5 Is a scanning electron mlcnoscopy (SEM) mfcrogreph at a 
magnification of 500x showing film formaflon on hair after treatment ¥rith the 
bioactive glass mtrect fonnuiatlon of Group #2 descrttsed In the Example. 

25 [POIQ] ngure 6 is a scanning electron microscopy (SEM) micrograph at a 
magnification of 4S00x showing film formation on hair after treatment with 
the btoacHve glass extract formulation of Group #2 described in the 
Example. 
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p>020] Figure 7 is an Energy Dispersive Spectrometer (EDS) spectrum 
showing the presence of silicon, caldum and phosphorus on hair after 
treatment vi^ the bioacUvB glass extract formulation of Group #2 described 
In the Example* 

5 

[D021] R^re 8 Is a scannEng electron mtaroscopy (SEM) micrograph at a 
magnification erf SOOx showing lack of film formation on hair after treatment 
with the trie buifsr control for Groups #1 and #2 described In the Example. 

10 [P022] Figure 0 Is a scanning electron microscopy (SEM) micrograph at a 
magnification of 4500x showing iadc of film fomiatfon on hair after treatment 
with the trie buffer control for Groups #1 and ^ descrtt>ed in the Example. 

[0023] Figure 1 0 is an Energy Dispersive Spectrometer (EDS) spectmm 
IS showing the absence of silicon, caldum and phosphorus on hair after 
treatment wWi the tris buffer control for Groups #1 and #Q described bi the 
Example. 

[0024] Figure 11 Is a scanning eledmn mteroscopy (SEM) micrograph at a 
20 magniflcafion of SOOx showing Aim formation on hair after trsatment with the 
bioactlve glass, tris buffsr and shampra fonnulatlon of Group #3 described 
in the E»mple. 

[0025] Rgurs 1 2 is a scanning electron microscopy (SEM) micrograph at a 
25 magnification of 4500x showing film formation on hair after treatment with 
the bioactive glass, tris buffer and shsmpoo fomiulation of Group #3 
described in the Example. 



wo 03/075869 




PCT/US03/07087 



[0026] Rgura 13 Is an Energy Dispersive Spectrometer (EDS) spectrum 
showing lha presence of silicon, caldum and phosphmjs on hair after 
treatment with the bloactlve glass, tris buffer and shampoo formulation of 
Group #3 described In the Example. 

PI027] FigtAe14l8ascannlngelectyonmiGfD6Copy(8EIUI)mlcrDgraphata 
magnificatfon of 50Qx showing film fmnaion on hair after treatment with the 
bioacOve glass extract and shampoo fbnnuiaflon of Group #4 described in 
the Example. 

10 

[002^ Figure 1 5 Is a scanning electron microscopy (SEM) micrograph at a 
magnification of 4S00x showing film fbrniatlon on hair after treatrnent with 
the bioactive glass extract and shampoo ftomulatlpn of Group #4 described 
. in the Example. 

15 

[002^ Figure 16 is an Energy Dispersive Spectrometer (EDS) spectmm 
showing the presence of eliloon. caldum and phosplraois on hair after 
taaatment with the bioacSve glass extract and shampoo fbntiulatlon of Group 
#4 described in the Example. 

20 

]!003iq Figure 1 7 ie a scanning electron microscopy (SEM) micrograph at a 
magnification of 500x showing lacic of film fonnatlon on hair after treatment 
with the tris buffer and shampoo oontrd for Groups #3 and #4 described In 
the Example. 

25 

[0031] Rgurs 18 is a scanning electron microscopy (SEM) micrograph at a 
magniilratlon of 450Qx shovring lade of film fomnation on hair after treatment 
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With the trl8 buffer and shampoo control for Groups #3 and #4 described In 
the Example. 

[0O32] Rgure 19 Is an EneigyDisperehm Spectrometer (EDS) spectrum 
5 showing the absence of dlloon, caldum and phosphorus on hair after 
treatment with the tris buffer control for Groups #3 end #4 described in the 
Example. 

DETAILED DESCRIPTION QFTHE INVEI^ION 
10 [0033] The hair treatment methods of the present invention involve 

application to hair of bloactive glass compostBons comprising particulate 

bioa(^ glass or bioacUve glass extract. The treatment provides a film on . 

the hair which results In hair vdth greater body, smoothness and silldness. 

The hair treated may be h^ finom or on any mammal such as hair on dogs . 
15 or cats, but preferatriy vAll be human hair. 

[P0343 As used herein, the tenns Ibiosdive glastf" or "biologically active 
glass" mean an inorganic glass material having an oxide of silicon as its 
major component and which is capable of bonding witti growing tissue when 
2d reacted with physiological fluids. 

[0035] Bloactive glasses are well known to those sidlled in the art, and are 
disclosed, for example, in An Introduction to Btoceramtos, L. Hanch and J. 
Wilson, etds. Worid Sdenfific New Jersey (1993). The btoactlva glass of 
25 the present Invention typically will contain about 40 to about 86 % by weight 
of silicon diosdde (SiOa), about 0 to about 35 % by weight of sodium oxide 
(NstaO), about 4 to about 46 % by weight calcbjm oMe (CaO), and about 1 
to about 1 5 % by wetght phosphoms oxide (P2Qb). Preferably, the silicon 
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10 



dioxide Is present in an amount of about 40 to about 68 % by weight, the 
sodium oxide is present In an amount of about 5 to about 30 % by weight, 
the calcium oxide Is present In an amount of about 1 0 to about 35 % by 
weight and the phoaphonis i»dde is present in an amount vS about 1 to 
about 12 % by weight The oxides may be present as solid soluttohs or 
mbced oxides, or as mixture of oxides. 

lOOaq One or more of CaF2.BiQ8,Al20d>MgO and K2O may be Included 
in the composition in addition to silioon. sodium, caldum and phosphorus 
oxides. The B2O3 may be present In an amount of about 0 to 10 % by 
weight, the KjP may be present In an amount of about 0 to about 8 % by 
weight, the AI2Q3 may be present In an amount of about 0 to about 4 % by 
weight, the MgO may be present in an amount of about 0 to about 5 % by 
weight and the CaFamay be present In an amount of about 0 to about 30 % 
15 weight. 

POST] One prefbrrsd glass Is Bloglas8045S5, which has a composition 
Including about 45 % by weight silicon dioxide (8IQ2), about 24.S % by 
weight sodium oxide (NszO). about 6 % phosphonjs oxide (P2Q5), and about 
20 24.5 % by weight caldum oxide (CaO^ 

[003ff| The bloactive glass of the bioactive glass compositions may be 
used in either particulate or extract form. Preferably, where particulate 
bloactive glass is used, particulate. non-Interllnlced bloacttve glass Is 
25 selected. This glass is in the fomfi of small, discrete parUdes, rather ttian a 
fused matrix of jpartldas or a mesh or fabric (woven or non-woven) of glass 
flbere. Under some conditions the disoetepartidea of the bioactive glass 
may tend to cDng together because of eiediostatic or other forces but these 
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particles are still considered to be norv-Intarlinked. Typically, the average 
particle size Is about 90 microns or less. Piefsrablyi the average partlde 
size Is less than about 20 microns, or, more pmfsrably, less than 9bout 5 
microns, and even more preferably less than about 1 micron. Partlde size, 
S as used herein, is measurad SEM or other optical microscopy 
techniques, or by laser light scattering techniques 0.e., using a Coulter 
counter). 

[OOSq The bloacUvaglaM may be prepared In anyway Icnown to those of 
10 skin In the art. For example, the bioacOve glass may be provided as meit- 
derived glass, sol-gel derived glass or sintered glass partldes. The sbntersd 
partides may be In soi^ei derived, or pre-readed melt derived form. Melt 
derived glass fyplcally Is prepared by mixing grains of oxides or caribonates, 
melting and homogenizing the mbdures at high temperatures, generally 
IS about 1250 to about UOO'^C. The molten glass can be fritted and milled to 
produce a small particulato material. 8d-gel derived glass is typically 
prepared by synthesizing an Inorganic networic by mbdng metal alkoxJdes In 
solution, followed by hydrolysis, gelation, and Icwtemperature Oess than 
about lOOO^C) firing to produce glass. 

20 

10040] The bloactlve glass may also be used In extract form. An axbact of 
bloacOve glass Is a solution of tons derived from bioactlve glass. Typlodly, 
the solutton of bloacSve glass.comprises Ions and substantiaily no partides. 
By solution Is Induded solutions, suspensions and dispersions of btoactiva 
25 glass. For example, an extrad of bloadlve glass may be formed from a 
solution made by reading bloadlve glass partldes in an appropriate solvent 
such as water or tris buflar for an appropriate amount of time to create a 
solution of bloadlve glass. The soluOon may then be filtered and used as a 
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bloacdIVB glass extract Which Is substantially partldefine^ The ratio of tons 
fn solution virill depend on the bioacHve glass starting material and the 
emount of time ft reacts In soluiion. The Ion ratios mcqf be controlled by use 
of various bloacUve glass materials or by varying the reaction time. 

5 

10041] The bloactive glass or bioacUve glass extract typlcaOy wID be 
applied dlrecHy to hair In oonluncHonwith a carrier. The carrier may be 
aqueous or nonaqueous. The carrier preferably will be aqueous, alcohol 
based or other organic caniers or combinations thereof. Altemativelyt 

10 cosmetic compositions can be provided In the form of aerosol sprays, foams 
or gels. While the ratio of bloacttve glass to carrier Is not critical, the 
bloactive glass composition will typically be about 0.5 to about 
20 % of the total bloactive glass/carrier fonnulatlon. Including any optional 
components. Prsfarably. the amount of bloactive glass In the lolal 

IS composition will be dMnjt 2 to about 10%. 

[0042] The btoactlve glass or bioacflv8gIa»«dractcorripo8ltion gene 
will be provided In an effactiva halr-enhancing amount An efbctlva. halr- 
enhandng amount Is an amount capable of provldBng a thin film or coating 

20 on the hair of bloactive glass or Ions from the bloactWe glass which are 
. believed to Interact wKh the keratin In the hair to provide beneficial qualities 
to the hair. Typlcallyt ttiese Ions will be caldump silicon and/or phosphorus. 
Other ions which may be present, depending on the composition of the 
bioacUve glass, include sodium, magnesium, potassium, zinc» copper or 

25 silver, among others. The thin film typically will be about 0.1 to about 5 
microns thick. Preferably, the thin film formed on the hair will be about 0.3 
to about 2 mlcrone thidc. 
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|D04q Without being bouraj by any theory. It la belleveci that the 
applicafion of bloactivo giase or bloacUve c^ass extract composition 
acoonUng to the methode heialn caioes a layer of hydroB^apatite m oiier 
calcium phosphate cryBtab to Ibrm on the hair surface. Moreover, the tons 
5 Itam the trioaeUve glass are believed to penetrate layers of the 
hair to fonm hydroa^apatita crystals wittdn the tsyers of the hair and 
penetrate fayers of the hair to fbnn chemical bonds bridging the layers of the 
cuticle. 

10 [0044] The bioa<^{ve glass or bioactlve glass extract composition generally 
will be applied to fha hair for a time suffident to treat the hair. Typical^, this 
Ibne will allow a coating or film to fonn or predpitats onto the hair. The ions 
In the coating may then interact wHh the hair to enhance the hair. In 
ganarai, flie tbne needed ie about the time ^Icaliy used to shampoo the 

IS hair, although a longer flme may be used. The methods for treating hair of 
the irivenlion may Involva use of a hdr trealmem formulation which is 
removed or washed off after use, or a halrtieatment ffonnulation such ta a 
gel, moiose, onsam. lotion, air infiised sfyib^ foam or spray formulation 
which is left on after application. 

20 

HaOAS} In one aspect of the Invention, the bloactive glass or bioacOw glass 
extract is applied to hair in a carrier in a rinse ^e of formulation. In ottier 
aspects of the invention, the bioactive gless or bloactive glass exbact 
composition is applied to hair in a shampoo or conditioner formulation. 
25 Such fonnulatlons are well knowvn In flie art Appllcationof the bioactive 
glass composWon to the hair is believed to build body in the hair, and make 
hair smooOi and tiDQr. The methods of the invention miy be used to 
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prevent or repair damage to the hair caused by mechanical, chemical or 
environmental factors. 

[0046] The halrtreatment of the present Invention may also Impart a 
5 benefldai anti-nilcrobial or antt-fungai activity for the hair, scalp or sidn. 
8udi treatment may be useful against nricrobee such as B. subtitist 8. 
auraus, P. aureglnosa, C. albicans. A. nigsr, E. ooO. A. aKemata, and C. 
xerosis. The hair treatment methods of the Invention may also be used to 
improve curt retention, color receptM|y. color stabliify. color retention, shine. 
10 and/or strength. 

[0047] The hair treatment fonnulations of the present Invention may ftjrther 
comprise one or more optional components Icnown for use in shampoo or 
conditioning compositions, pro^^ded that the optional components are 
IS physically and chemlcaliy compatible with the bloactive glass compostObn 
described terehrv. or do not othennrtse unduly impair product stability, 
aesthetics or performance. ConoentraBons of swtt optional components 
tyjricaDy range ftom about 0.001% to about 10% by vuelght of the total 
composition. 

20 

10040] Optional components Include anti-static agents, dyes, organic 
solvents or diluents, peariescent aids, foam t>oosters, surfiactants or 
cosurfactants (nonionic. cationfc zwitterlonic). pediculocides. pl-l adjusting 
agents, perfumes, prssenmtives. proteins, skin active agents, suspending 
25 agents, styling polymers, sunscreens, thickeners, vltomins. bioUn. collagen, 
amino acids, protein hydroiyzates, herbals, penetration enhancers, 
penmeationblnding agents, and viscosity adjusting agents. This list of 
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optional components is not meant to be exclusive, and oOier optional 
component can be used. 

IP048] The hatrlieatmentmetiiods erf the invention prafsrably use 
5 composiUone maintained at a pH appropriate for the particular application. 
IVplcaBy, the pH wffl be below about 10; prefeiBbly, the pH win be between 
about 3 and about 9. 

lOOSiq The Invention Witt now be more fuByn^ialnad by the following 
10 examples. However, the scope of the Invention Is not intended to be OmifBd 
to these examples. 

EXAMPLE 

E0O51] Four composifions vrare prepared and tasted to evaluate the use of 
IS bioadiva glass particulates, extracts and ^ampoo solutions. The bloactivB 
^ss wed wae Bloglass™ 45S5 powder with a partlde size less than about 
20 Mm. These compositions are detaned In Table 1. Two control 
fonmjiatlons were also imparad and tested. The first control fbnnidatlon 
corresponded with Groups #1 and #2 and contained only tris buffer. The 
20 secmd control formulaflonconieqKwidedvi^ Groups #3 and #4 and 

contained tris birffer and shampoo. These control ftmnulations ware viewed 
by 8EM/EDS. with fits results shown bi Flgtffes 8-1 0 and 1 7-19. 
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Table! 



• 


Trte Buffer 
(200 ml) 


Shampoo 
(0.5 oe) 


BtoacHv0 
glass (0.3 

g) 


BloacHve glass ajctract 
(200 ml of 15 wt% 
solution) 


Group 
#1 


✓ 




✓ 




Group 
#2 








✓ 


Group 
«3 


✓ 




✓ 




Group 
#4 




✓ 




✓ 



PreoeduiBs: 

5 • 

[OOS^q Group #1 -trisbuilBr and UoacSvo glass parficuiate 

1. 200 ml oftite buffiar scduHon was dellvarMi Into a 500 ml flask 
and piaead into a oontroDad tempeiature orUtal ahakar aat at 37'C and 200 
RPM. 

10 2. 0.3 grams of Moactfva glass particulate wHh a particle sba leas 

ttian atwut 20 pm was placed into the preheated solufion. 

3. 0.25 grams of human hair was attached to a laige piece of inert 

glass viMi a njbber band and placed into the trisbuffeiybloactlvegtass 
suspension. 

IS 4. The sample was allowed to rMct for 20 houre and then was 

removed and Ihdroughfy rinsed with high purity detonlzed water. 
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S. The sample was allowed to diy and mounted for 8EM/EDS 
analysis or used for FTIR analysis. 

IfiOSSl Group #2 -bloacBve glass extract 
5 1. 90.0 grams of bioaiftiva^assparttGulatewim a particle size less 

than about 20 pm and 510.0 ml of tris buffer solution were aHowed to vortex 
In a 1000ml beaker for two houre at room temperature. 

2. The solution was then filtered to fonn a 15.0 wt%bIoactfve 
glass extract. 

10 3. 0.25 grams of human hair was attached to a large piece of inert 

glass vinth a rubber band and placed Into the bfoactlve glass exbract solution. 

4* The sample was allowed to react for 20 houre and then was 
removed and thoroughly n'nsad with high purify delonized water. 

5. The sample was allowed to dry and mounted for SEM/EDS 

IS analysis. 

[0054] Group #3 - tris buffer and bioective glass particulate with shampoo 

[OOSq TMs procedure was identical to group #1 with the addltton of 0.5 CO 
of Suave Clarifying Shampoo with ammonium lauryl sulfate to ttie trie 
20 buffor/bloactiva glass suspension. 

iOOSq ' Group #4 - bloacthre glass extract with shampoo 

[0057] This procedure was Identical to fiie group # 3 procedure the 
25 addition of 0.5 cc of Suave Ctarif^ng Shampoo witti ammonium lauryt 
sulfate to the bloacttve glass extract solution. 
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Results: 

[P058] Group #1- Ms buffer and bloacttve glass particulate 

[0059] The SEM/EDS and FTiR results for group #1 are presented In 
5 Figures 1.2, 3 and 4. The SEMrniciographs Indicate that a substantial flirn 
has been Ibmied on the hair surface after reaction In trie buffer and 
btoactive glass particulate. MagniflcaBcm fo 450Qx Indicates that this film Is 
non-unlfimn In coverage of the hair surface. The EDS analysis Indicates 
the presence of Si, Ca, Na and P, which Is not seen In the Group 1 and 2 
10 control In Figure 1 0. The presence of SI may indicate tiiat some bloacUve 
glass particulate may be present or that a soluble form of silicon has been 
Incorporated on the hair surface. 

[0060] Group #2 - bioactive glass extract 

[0061] The SEM/EDS results for group «2 are presented in Figures 5. 6 
and 7. The SEIM micrographs Indicate that a film has been fomned on the 
hair surface after reaction in trie buffer and bioactive gtess extract solution. 
MagntflcaSon to 4SQQx'a8 shown in Figure 6 Indicates tliat fliis film Is non- 
20 uniform In coverage of flie hair surface. The film appears to be mora dense 
on the edges of the cuticle scales of the hair structure. TTie EDS analysis of 
Figure 7 indicates the presence of Si, Ca, Na and P, which Is not seen in the 
Group 1 and 2 control in Rgure 10. The presence of SI may Indicate that 
soluble form of silicon has been incorporated on Ihe hair surface, as thera 
25 are no bioactive glass particles In this filtered solution. The presence of Al is 
an artifact due to the aluminum mount used for SEM/EDS analysis. 

[00623 Group #3 - tris bufter and bioactive glass particulate with diampoo 
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10063] The SEM/ED8 results for group #3 are presented in Figures 11,12 
and 13. The SEM mlcregraphs Indicate ttiat a transparent film has been 
Ibnned on the hair surface after reacHon in the tris buffer, bloacHve glass 
particulate and shampoo mixture. Magniflcalton to 450Dx in Figure 12 
5 indicates that this film is unifonn In coverage of ttie hair suiface. The linear 
cradcs seen in the mtcrographs were fbnned during the SEM analysis. 
These cracks could be seen growing as the Image was focused In the 
process of acquiring the micrograph. The EDS analysis Indicates the 
presence of SI, Ca, Na and P, whldi Is not seen in the Group 3 and 4 
10 control in Figure 19. 

I0O64] Group #4 - bloacttve glass extract with shampoo 

[boes] The SEM^DS reauRa for gmup #4 are presented in Figures 14, 15 
15 and 1 6. The SEM micrographs indicate that a transparent film has been 
fomied on ttie hair surtace after reacBon in the trte buffer, bloacttve glass 
extract and shampoo mixture. Magnification to 4S0Qx in Figure 15 Indicates 
that this mm is unifonn in coverage of the hair surfeca. TTie linear cradcs 
seen in the micrographs were fonned during the SEM analysis. These 
20 cmcks could be seen growing as the Image was focused in ttie process of 
acquiring the micrograph. The extent of the craddng was less for this group 
than seen for tfie group #3 sample. The EOS analysis indicates the 
presence of SI. Ca. Na and P. which Is not seen In the Group 3 and 4 
control in Figure. 1 9. The EDS analysis also Indicates that this transparent 
25 film is thicker for this groups than the group #3 sample Indicated by the 

slgnfficant reducUon in tlie S pealc at 2.30 keV and the significant increase In 
the alpha Ca peak at 3.75 keV. This Increase In thickness oouid explain the 
reducOon In cracking seen for this group as compared to the group #3 
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sample. The cause for this diffBrence in thickness and dimensional stability 
of this transparent layer is unknown at this tlim. 

• [poeq The data pressntedlndlcatee that both bloactivB glass euspenstons 
5 arui extracts in trie buffer (9oups#1 and #2) have the aUIIfy to deliver 
calcium, phosphorus and dDcon to the hair surface. The 8EM/EDS analysis 
indicates that a non-oontinuoua film Is being formed on the surbce of the 
hair and Is thicdcer on the edges of the cuffcle scales of the hair structure. 
The FTiR analysis from group #1 shown in Figure 4 indicates that the 

10 oaldum and phosphonjs are In the form of crystalline hydroxyapatita. The 
data also indicates that the morphology of this film changes with the addition 
of a commerdai shampoo. The resuHtng film Is continuous and transparent 
In nature^ as seen with Groups #3 and #4. The EDS analysis Indicates that 
mis film contains caldum, phosphonjs and sIDcon and Is thicker in the 

IS extract solution Group #4 than the suspension group #3 mtxsd with 

shampoo. Thus, the data shows that btoacllve glass Interacts with human 
hair. 

» 

[POST] Whfle the rnvention has been described wfth preferred 
20 embodiments. It Is to be understood that variations and modifications may 
be resorted to as will be apparent to fiMsa skilled In the art. 
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CLAIMS 

1. A meihod for treating hair oomtHlslng applying a bioacfivs glass 

oomposNton In an affecliva haip^nhandng amoum to the hair 

5 time to form a coating on the hair comprising sinoon. calcium and/or 
ptimphorus ims. 

2. The method of dalm 1 wherein the coating on the hafir further comprises 
sodium ions. 

10 

3. The method of claim 1 wherein the bloacUve glass composition 
comprises a carrier and non-interiinked parties of bloactive glass 
oompiMng about 40 to about 66% by weight of SIO2. about 4 to about 48% 
by weight CaO and about 1 to about 15% by weight PaOs. 

IS 

4. The method Of dalm 3 wherein the bioac^ glass composition has a pH 
below about 10. 

5. The method of claim 3 wherein ttie MoacUva gtass composition has a pH 
20 between about 3 ami about 9. 

6. The method of daim 4 wherein the non^nterliniwd particles have a 
partlde size less than about 90 microns. 

25 7. The method of daim 4 wherein Hie non^nterlinkedpartides have a 
partide8izalMsthanab(njt20micrans. . 
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8. The method of Claim 4 wherein the non^nterlink^ 
parHde size less than about 5 microns. 

9. The method oT dabn 1 wherein the blracBve glass composition 

5 comprises non-intarllnked particles of bloactlve glass comprising about 40 lo 
about 6B% by weight of SiQa, about 10 to about 35% by weight CaO, about 
1 to about 12% by weight P2O6 and about 6 to about 30% by weight Nq20. 

1 0. The method of claim 1 wherein the coating is about 0.1 to about 5 
10 microns thiclc 

11. Hie method of dalm 1 wherein the bloadive glass composition 
comprises bloactive glass esdract and a canier. 

IS 12. The method of daim 1 wherein ttie hafir is human hah*. 

13. The method of daim 1 whersin the hair is damaged hair. 

14. A*method for treating hair comprising appi^ng to the hair a hair 

20 Inaatment formulation comprising a carrier and an effective hair-enhandng 
amount of a bloactlve glass ccnnposfflon comprising elttier non-lntBriinked 
partides of bioactive glass or a bioactive glass extract. 

15. The method of dalm 14 wherein the bloacUve glass composition 

25 comprises non-intsrtlnlcad partides of bioactive glass comprising about 40 to 
about 86% by weight of SiOa, about 4 to about 46% by weight CaO and 
about 1 to about 15% by weight P2O5. 



-21- 



wo 03/075869 




PCT/US03/07087 



16. The method of dalm 14 wherein ttie bioacttve glass composition 
comprises bioacttve glass extiacl comprising a solution of bloacQve glass 
comprisb^ about 40 to about 86% by weight of SiQa. about 4 to about 46% 
by weight CaO and about 1 to alsout 1 5% by we^ht P2O5. 

5 

17. The method of dalm 14 wherein the hair trealment formulation Is a 
shampoo or conditioner and the method further comprises rinsing the 
shampoo or conditioner out of flie hadr. 

.10 18. The method of dalm 14 wherein the hair treatment fomiulation Is a gel, 
mousse, cream, loflon, air infused styling foam or spray composition and the 
method further comprises leaving the hair treatment formulation on the hair. 

19. The method of dalm 14 wherein the hair trealment fbrnnulatlon to 
15 applied to damaged hair. 

20. The method of dalm 14 wherein the hair treatment fbrniidafion further 
comprises anti-static agents, dyes, organic solvents or diluents, peariescent 
aids, foam boraters, surtadants or oosurbdants, pediculoddes, pH 

20 adjusting agents, perfumes, preservatives, proteins, skin active agents, 
suspending agents, styling polymers, sunscreens, thlckenere^ vHamfris, 
blotin, collagen, amino adds, protein hydrolyzates, hert>al8, penetraOon 
enhancers, permeatlonAlnding agents, or viscosity ac^ustlng agents. 

25 21 . The method of dalm 20 wherein the bloective glass composition Is 
present In an amount of about 2 to about 10% of the total oomposlfion. 
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22. The method of daim 21 wherein the pH le between about 3 and about 
B. 

23. A method for treating hair comprising applying a composition 

5 oompridng an effective, halr-«nhanclng amount of bloacfive glass partfclee 
to the hair surfaoe for a sufficient amount of time to provide that a layer of 
hydroxyapatitB or other raldum phosphate crystals are formed on the hair 
surface and Ions from the bloacth^ glass penetrate layers of the hair to fomn 
hydro9^patite crystals within the layers of the hair. 

10 

24. The method of daim 23. wherein the composition compri^ng the 
bloadivB glass pertldes further comprises an aqueous canfer and Is applied 
to hair damaged by mechanical, chemical or envlronmmtal factors. 

15 25. The method of daim 23, wherein the composition comprising the 

bloacHve glass particles further comprises an aqueous cantor and Is applied 
to hair to prevent damage by medianlcal, chemical or environmental foctore. 

20. The mettiod of daim 23 wherein the composition is applied to the hair to 
20 Improve curi retention, c6lor receptivify, colw stabiil^, color retention, shine, 
and/or strength. 

27. The maOiod of daim 23, wherein the composftton further comprises 
blotln, coDagen, amino adds, proteins, protein hydrolyzates, vitamins, 
25 herbals, penetretton enhancere. pennaation/blndJng agente, dyes or 
fragrances. 
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28. The methcKl Of clatin23( Wherein ttie average partfde Size of the 
btoacUve glass particles i8 less than about 20 microns. 

29. The method of dalm 23, wherein the average partlde size erf the 
5 bloactive glass parUdes Is less than about 5 microns. 

3p. The method of dalm 29, wherein the average partlde size of the 
bloactlve glass particles Is less than about 1 micron. 

10 31 . The method of dalm 23, wherein ttie composition comprising bioacBve 
glass partides comprises non-Interlinked partides of bioacHve glass 
comprising about 40 to about 68% by weight of SiQz, about 1 0 io about 3S% 
by weight CaO. about 1 to sd»ut 1 2% by weight and about 6 to about 
30% by weight Nq20. 

IS 

32. The composiUon of claim 27 wherebi the bioacUve glass partldee are 
present In the composition in en amount of about 0.5 to about 20 percent by 
weight of said composftton. 

20 33. The method of dalm 23. wherein the hair is human hair. 

34. The method of dalm 23 wherein the hair Is dog or cat hair. 
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SEM @ 500X 
Evidence of film formation 




FIG. 1 



SEM @ 4500X 

Evidence of film formation 



• '•'5, 



FIG. 2 



SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 




eoueqjosqv eoueqjosqy aoueqjosqv 



SUBSTITUTE SHEET (RULE 26) 



wo 03/075869 i, 



PCT/US03/07087 



4/13 

SEM @ 500X 
Evidence of film formation 




FIG. 5 



SEM @ 4500X 
Evidence of film formation 
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SEM @ 500X 




FIG. 8 



SEM @ 4500X 
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SEM @ 500X 

Evidence of film formation 




FIG. 11 



SEM @ 4500X 
Evidence of film formation 




FIG. 12 
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SEM @ 500X 
Evidence of film formation 




FIG. 14 



SEM @ 4500X 

Evidence of film formation 
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SEM @ 500X 




FIG. 17 

SEM @ 4500X 
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